Abstract Coconut base solid state fermentation was carried out by Geotrichum candidum ATCC 34614 for in situ coconut oil bioconversion. Coconut oil, which contains highly saturated medium chain triglycerides, was partially bioconverted into a combination of medium chain diglycerides, medium chain monoglycerides and medium chain fatty acids by this fungus lipolytic activity. The product demonstrated improved aroma, flavor, thermal behavior and antibacterial activity. Maximum triglycerides conversion (76.5 %) occurred at 40 % moisture content and 50 % oil content after 25 days of incubation. Bioconverted coconut oil revealed as much as 95 % antibacterial activity as well as altered thermal characteristic towards lower melting and higher crystallization points. The fermented culture also revealed highly fruity and flora notes which contained five main short-and medium-chain esters known as aromatic compounds. The present study established the possibility of using G. candidum ATCC 34614 in coconut solid culture for bioconversion of coconut oil, which improves the fermented product characteristics.
Introduction
In recent years, growing attention has been devoted to the bioconversion of biomass into functional molecules, due to their wide range of beneficial effects for human health. Bioconversion, especially in fermentation process is an important step to get the targeted product in an economic and effective process however, in oil industry very limited reports are available. Fermentation is an important process to increase the availability and digestibility of nutritionally important factors by enzymatic hydrolysis of raw substrates. Many bioconversion processes have been developed that utilize raw materials for the production of chemicals and valueadded fine products such as ethanol, single-cell protein, enzymes, organic acids and biologically active secondary metabolites (Sabu et al. 2002; Khoramnia et al. 2011) . Solid state fermentation (SSF) is defined as the fermentation in absence or near absence of free water and is strongly recommended as system for producing enzymes at lower price than submerged fermentation (Rigo et al. 2010; Khoramnia et al. 2011) . The product concentration in SSF remains higher, catabolic repression is reduced and water requirements is lower, thereby reducing the step in downstream processing and most importantly reducing the cost of operation (Rigo et al. 2010; Hernandez et al. 2011; Khoramnia et al. 2011) .
Fungi particularly filamentous fungi are known as the most important microorganisms for bioconversion and transformation of macromolecules in SSF systems. Their enzymes are usually produced extracellularly and can be obtained either by submerged or by SSFs (Hernandez et al. 2011) . Filamentous fungi like Geotrichum candidum, which are Generally Recognized As Safe (GRAS) (Eliskases-Lechner et al. 2011) , have been employed in food particularly in cheese industry for many years (Eliskases-Lechner et al. 2011) .
Coconut oil which is produced abundantly in tropical countries as edible oil (Amarasiri and Dissanayake 2006) has received negative consumer perception due to its high content of saturated fatty acids. However, the saturated fatty acids belong to medium chain (C 6 -C 12 ) group which are known as beneficial components. Among the medium chain fatty acids (MCFA), lauric acid and its corresponding esters have been investigated extensively as antimicrobial agents for foods and cosmetics (Shibasaki and Kato 1978) . Kabara (1984) stated that lauric acid is a disease fighting agent against viral, bacterial or protozoal infections. It has also been stated that lauric acid exhibits strong antiprotozoal activity along with decrease in ammonia concentration, methane production and alteration of milk fatty acids composition when dosed intra-ruminally (Soni et al. 2010) . Therefore, potential health benefits of a partially hydrolyzed coconut oil consisting of functional lipids could improve the use of coconut oil in various food and pharmaceutical applications. To the best of our knowledge, there is no report about in situ bioconversion of oil substrates in SSF. In this study, the possibility of coconut oil in situ bioconversion into functional lipids using G. candidum ATCC 34614 through coconut base SSF was investigated and the product was characterized for its antibacterial activity (ABA), thermal and aroma improvement characteristics.
Materials and Methods

Microorganism
G. candidum ATCC 34614 was purchased from the American Type Culture Collection (ATCC). The fungus was maintained on potato dextrose agar (PDA) slants at 4°C and periodically subcultured.
Inoculum Preparation
Inoculum suspension was prepared from the fresh, mature culture (7 days old at 30°C) of G. candidum ATCC 34614 on PDA slant. The spores were harvested with sterile distilled water containing 0.01 % Tween 80, transferred to a sterile tube and the resulting suspension was homogenized for 15 s with a gyratory vortex mixer (Erla EVM6000, Malaysia) at 2000 rpm. Appropriate concentration (inoculum size =10 5 spores/ml), counting in a cell-counting hemocytometer, was inoculated into potato dextrose broth (PDB). The method was modified from Aberkane et al. (2002) .
Lipase Production: a Time Course Study Fermentation was carried out in 250-ml conical flask each one containing 10 g of coconut flakes, where the effective parameters were adjusted at the point of maximum bioconversion. The flasks were incubated at temperature of 30°C and harvested every 24 h (for the period of 40 days) thereafter, its content was extracted (Rigo et al. 2010 ) and lipase activity was assayed according to the Kwon and Rhee (1986) method. Each flask was soaked with 100 ml of an aqueous solution of phosphate buffer 100 mM (pH7) and shaken in a water bath rotary shaker (Stuart SBS40, UK) (200 rpm) at 30°C for 1 h. Finally, suspension was squeezed through a double layer muslin cloth and solution was centrifuged by an Eppendorf centrifuge machine (Eppendorf 5810R, North America), at 4,000×g for 20 min at temperature of 4°C. The clear supernatant obtained was assayed for extracellular lipase activity. One unit of lipase activity was defined as 1.0 μmol of free fatty acid liberated min −1 and reported as U ml −1 . All reported data were the average of triplicate experiments.
Solid State Fermentation and Modeling of Coconut Oil Bioconversion
Fermentation was carried out in 250-ml conical flask containing 10 g of coconut flakes (Pandey et al. 1995) . Independent variables and ranges were selected based on the preliminary studies, where the level of moisture content, which was adjusted by PDB, varied from 10 % to 50 % and the level of oil content varied from 0 % to 50 %, which was adjusted with coconut oil. The flasks were sterilized by autoclaving at temperature of 121°C for 30 min. After cooling down, the flasks were inoculated with 2 ml of 3-day-old PDB culture. The content of each flask was mixed thoroughly with sterile spatula for uniform distribution of fungal spores in the medium. Flasks were incubated for period of 3-40 days at temperature of 30°C. Samples were withdrawn for analysis according to the experimental design (five levels-three factors central composite rotary design; CCRD) in different periods of time (Table 1) . SSF samples (2 g) were placed in the soxhlet (PLT Scientific Sdn Bhd, Malaysia) and 200 ml petroleum ether was added to each sample. Oil extraction was performed for 10 h under moderate temperature. Then the solvent was evaporated to get the extracted coconut oil. All treatment combinations were completed in triplicate. Response surface methodology (RSM) was used to build the best model and optimize the fermentation system using Design Expert version 6.06 (Stat Ease Inc., Minneapolis, MN, USA) ( Table 1) . One-way ANOVA was employed to study main effects and interactions between parameters selected on coconut oil bioconversion.
Product Characteristics Analysis
Acylglycerol Composition Analysis
The (Nor Hayati et al. 2009 ). The mobile phase used was a gradient of acetone and acetonitrile mixture (from 90 % acetonitrile/10 % acetone to 85 % acetonitrile/15 % acetone within the first 15 min; then to 20 % acetonitrile/80 % acetone within the next 20 min; and to 90 % acetonitrile/10 % acetone for the last 10 min), where the flow rate was adjusted at 1 ml/min. The column temperature was maintained at temperature of 35°C. The drift tube and nebulizer of detector were set at temperatures of 55°C and 36°C, respectively. The nitrogen gas pressure was 35 lb/in 2 and the total time for an HPLC run was 45 min. The retention time was 3-7 min for FFA and MG peaks, 8-18 min for DG peaks and 23-37 min for TG peaks. Each fraction was quantified based on the area normalization approach. TG peaks were identified based on the retention time of TG standards. Each sample was analyzed three times and the data were reported as mean±SD of percentage areas.
Antibacterial Activity Studies
ABA of the modified coconut oils was evaluated using both Gram-negative and Gram-positive bacteria. Selected Gramnegative bacterium Escherichia coli (ATCC 10536) and Gram-positive bacterium Staphylococcus aureus (ATCC 25923) were cultivated aerobically at temperature of 37°C for 12 h in tryptone soy broth (TSB) medium. Bacterial inoculums were prepared at the mid-logarithmic phase of their growth containing approximately 10 8 colony-forming units per ml (cfu/ml). It was achieved by diluting the overnight cultures of bacteria with the fresh TSB medium until constant absorbance at 630 nm was gained (OD 630 =0.5) (Mandar et al. 2011) .
Anti-bacterial activity the modified oils was evaluated following the method described by Mandar et al. (2011) . The sample was prepared by mixing the bacterial inoculum (10 μl), TSB medium (120 μl) and modified oil (120 μl) in each well of the 96-well plate in triplicates. Control sample contained media and bacterial culture, without modified oil. After incubation of samples at temperature of 37°C for 12 h, their absorbance was measured at 650 nm using micro-plate reader (Power Wave, X 340; Bio-Tek instruments, Inc., Winooski, VY, USA). The percentage of inhibition was calculated as [(OD control −OD sample )/OD control )×100]. All experiments were performed in six replicates for each sample. 
Thermal Characteristics Analysis
Thermal characteristics of bioconverted coconut oils were analyzed by differential scanning calorimetry (DSC) method. DSC analysis was conducted using Perkin-Elmer DSC 8000 (PerkinElmer, Norwalk, CN, USA). The samples were melted completely at 80°C. Then, 5-7 mg of the sample was weighed into an aluminum pan (kit No. 0219-0062, Perkin-Elmer) which was then sealed using a sample pan crimper. The sample was heated to 80°C in the DSC instrument and held for 10 min to erase the previous thermal history of the sample and ensure no residual nucleic remained. It was then cooled down from 80°C to −50°C at the rate of 5°C/min and held for 10 min at −50°C. Finally, the sample was heated from −50°C to 80°C at the rate of 5°C/min. The reference cell used in the analysis was an empty sealed aluminum pan. The cooling and melting thermograms were recorded (Saadi et al. 2011 ).
Aroma Characteristic of the Coconut Solid Culture
Samples of whole SSF cultures of G. candidum ATCC 34614 were analyzed using headspace solid-phase microextraction (HS-SPME) which was manually optimized using Cycle Composer software (CTC Analytics AG, Zwingen, Switzerland). Two grams of fermented coconut (particle size <0.5 mm) was transferred to a 20-ml vial containing 5 ml distilled water and 30 % (w/v) NaCl. The vials were sealed with Teflon-lined septum and immersed in water bath at 40°C. Each sample was continuously agitated for 10 min before the extraction was done using a 75-μm CAR-PDMS fiber. The fiber was manually exposed to the headspace for 15 min to reach the equilibrium. Subsequently, the fiber was withdrawn into the needle and introduced into the GC injection port at 200°C with a split ratio of 1:20. It was held for 5 min for complete desorption of extracted volatile flavor compounds. Afterwards, the SPME fiber was reconditioned for the next extraction step for 10 min (Cheong et al. 2010) . The qualitative headspace analysis was performed using the gas chromatography-mass spectrometry (GC-MS, Turbomass Clarus 600; Perkin Elmer, UK). Separation of analytes was done using a non-polar Perkin Elmer Elite 5MS capillary column (30 m×0.25 mm ID). The GC-MS oven conditions were programmed at initial temperature of 40°C for 1 min and then increased to 250°C at 35°C/min and held for 3 min at the final temperature. The flow rate of purified helium gas was 1 ml/min. The injection port, transfer line and MS source temperatures were adjusted at 250°C, 220°C and 200°C. The MS was operated in scan mode from m/z 35 to 400, with 70 eV electron ionization at 200°C. Each compound was identified by the presence of selected ions and their ratio, and by comparing the MS spectra to the reference spectra in the National Institute of Standards and Technology (NIST2008) mass spectral database (Cheong et al. 2010 ).
Statistical Analysis
All results were shown as means of three replicates. The one-way ANOVA was used for data analysis followed by Tukey's test to identify significant differences between treatments (p<0.05) with Minitab version 14 (Minitab Inc., State College, PA, USA).
Results and Discussion
Extracellular Lipase Production of G. candidum ATCC 34614 in SSF Since the extracellular lipase(s) produced by G. candidum ATCC 34614 was responsible for in situ coconut oil bioconversion, the lipase production by this organism was studied. The time course study of lipase production in the coconut SSF, where the moisture and oil contents were adjusted at the maximum values for coconut oil in situ bioconversion, reveals that lipase production increased dramatically from day 3, when the oil conversion also started, to day 15, when the maximum lipase activity (20 U/g) was detected, and then it decreased slowly until day 30. After day 30, the lipase activity decreased gradually until day 40 and no more activity was detected after that. Long term activity of enzymes implied that coconut not only acted as a source of nutrients for fungi but also provided a physical support for both fungi and enzymes. Therefore, as has also been stated by Pandey et al. (2000) , this support could improve the enzyme stability as well as enzyme production.
Modeling of In Situ Coconut Oil Bioconversion
In situ hydrolysis of coconut oil by fungal lipases produced in SSF was studied and optimized. The selected effective variables were moisture content (%), coconut oil (%) and incubation periods (day). Shredded coconut meat as an oily source was used as the solid support for our solid culture, which originally contained 33.5 % of oil and 50 % of water (moisture content). Similarly, Pandey et al. (1995) reported the same levels of oil and moisture content in the original coconut. Our preliminary study demonstrated that moisture content was very essential for G. candidum in the cases of growth, lipase production and eventually coconut oil bioconversion during SSF. Since the original moisture content was not sufficient, additional water (10-50 % v/w) was added into the coconut solid culture. The second essential parameter in this study was oil content of the solid culture. Coconut flakes contained 33.5 % oil in their parenchyma. Additional oil would be necessary interspaced to be more efficiently hydrolyzed by the produced lipase in SSF and eventually more bioconverted coconut oil could be obtained. The amount of additional coconut oil added was from 0 % to 50 % (v/w). The incubation period of time was from 3 to 30 days based on our preliminary study, which was no lipase production before day 3 and low after day 30. Medium chain triglyceride (MCTG) conversion percentage was measured as response during the modeling study (Table 1) .
One-way ANOVA was employed to test and analyze different models. The best-fit model found was a quadratic model for in situ bioconversion of coconut oil. The coefficient of determination (R 2 =0.96), F-test analysis (F model =4.78) and probability value (P model <F=0.001) were significant, while the model showed insignificant lack of fit (P model <F=0.87) indicating that the model was highly reliable. The final equation used to obtain the highest rate of oil bioconversion in SSF was as follows: 
Main Effects and Interactions Between Parameters
Figure 1a depicts a three dimensional plots showing the effects of moisture content (%) and oil content (%) of the solid culture on the oil conversion (%). The graph shows a great change in the oil bioconversion by changing each parameter. This means that both parameters and their interaction are effective on the oil bioconversion. Table 2 reveals that the maximum value of the oil conversion was achieved with a low amount of oil (10 %) and a high amount of moisture content (42 %). By increasing the oil content and decreasing moisture content, the oil conversion yield decreased drastically. From the obtained results, it could be concluded that G. candidum ATCC 34614 growth and/or lipase production was suppressed when large amount of oil was added. In the contrary, lipase maximally converted the oil at high moisture content which means the presence of water was very essential to this coconut base SSF system. Other studies also demonstrated that the optimum moisture level in SSF has a great impact on the physical properties of the solid substrate as well as the enzyme production (Gervais and Molin 2003) . It has been stated that lower moisture than optimum decreases the solubility of the solid substrate, lowers the degree of swelling, and produces a higher water tension. Likewise, higher moisture levels than optimum causes decreased porosity, lower oxygen transfer and alteration in solid state particle structure (Gervais and Molin 2003) . Therefore, the factor of moisture content in SSF is critical and plays an important role to determine the success of the process. Figure 1b shows the interaction effects of moisture content (%) and incubation time (day) on oil conversion (%). This graph indicates that the incubation period of time versus moisture content did not reveal significant effect on the response. With different incubation periods of time, there were no big changes in the yield of oil conversion whilst, the increasing amount of moisture content dramatically increased the response. As mentioned in Section 3.1, the lipase activity was almost stable from day 10 to day 30 of incubation and it could be the reason for the consistency of coconut oil bioconversion level over different time course. Figure 1c depicts the interaction effects of oil content and incubation time. Both parameters revealed significant effects on graph behavior and response yield. Unlike previous graph, here by changing the time value, the value of coconut oil bioconversion changed effectively and eventually maximum amount of oil conversion obtained after 24 days (Table 2) . It means that the interaction effect of time versus oil content was significant but versus moisture content was not significant. This contrary could be due to the complicated events in SSF and different interactions between different parameters, which could not be recognized by conventional methods of optimization. However, as reported, RSM revealed a good insight of complicated biological systems (Khoramnia et al. 2010) . Similarly, in this study, the equation, graphs and statistical parameters from the quadratic best-fit model helped us to determine the best operative conditions for G. candidum ATCC 34614 lipolytic activity towards coconut oil bioconversion. The top six optimum conditions predicted by this model (AFP 1 -AFP 6 ) were presented based on the levels of produced medium chain monoglycerides (MCMG), medium chain diglycerides (MCDG) and MCFA and used for characterization studies (Table 2) .
Product Characteristics
Antibacterial Effects of In Situ Bioconverted Coconut Oil
Based on the suggested conditions by RSM quadratic model, AFP 1 to AFP 6 were compared to the normal coconut oil which is before fermentation process (BFP) as shown in Table 2 . The results demonstrated that bioconverted coconut oils (AFP 1 to AFP 6 ) extracted from G. candidum ATCC 34614 cultures, revealed significant improved levels of ABAs compared to the control (Table 2) . Bioconverted coconut oils which hydrolyzed during fermentation contained different proportions of MCTG, MCDG, MCMG and MCFA. Detail analysis of the lipid classes showed that the amount of medium chain free fatty acids particularly C 12 (lauric acid) played important role in inactivation of the growth of both Gram-positive (S. aureus) and Gram-negative (E. coli) bacteria. Similarly, results obtained by Carroll (1980) indicated that high amounts of fatty acids content play important role in broadening the antimicrobial spectrum of modified oils. In addition it has been demonstrated that the medium chain free fatty acids and their corresponding monoglycerides and diglycerides have antimicrobial effects against S. aureus (Kabara 1984; Ruzin and Novick 2000) and E. coli (Bergsson et al. 2001) . Hayashi (1995) indicated that the combination of MCTG, MCDG, MCMG and MCFA revealed a broad range of antimicrobial properties against human pathogens and enveloped viruses. These compounds are also known to have antimicrobial effects against food-borne pathogens like L. monocytogenes (Wang and Johnson 1992) and C. botulinum (Glass and Johnson 2004) . As shown in Table 2 , the level of MCFA, which was mostly composed of free lauric acid, was the most important factor for ABA. The highest antimicrobial activities (95 % against S. aureus and 86 % against E. coli) was obtained under the highest level of MCFA, particularly lauric acid (48.6 %). Carroll (1980) indicated that lauric acid in the feed prevented the death of mice and cows from Mycobacterium paratuberculosis and protected Guinea pigs from and cured them of tuberculosis (M. tuberculosis). Nakatsuji et al. (2009) found that lauric acid has the potential of becoming an innate, safe and effective therapeutic medication for all P. acnes associated diseases. However, free myristic acid, palmitoleic acid, oleic acid and their derivate esters did not show any antimicrobial effect.
To the best of our knowledge, coconut oil antimicrobial enhancement using microbial fermentation by a GRAS filamentous fungus on solid substrates has never been conducted and reported. The mechanism of antimicrobial action of lauric acid would be due to the acid penetration in the lipid membrane of the bacterial cell in the undissociated form which suppresses cytoplasmatic enzymes and nutrient transport systems and uncouples ATP driven pumps by lowering the cellular pH and eventually leading to cell death (Freese et al. 1973; Goel et al. 2009 ). The same mechanism has been proposed for MCFA, MCDG and MCMG (Bergsson et al. 2001) , which kill bacteria using cell membrane permeability barrier disruption. In addition, it was reported that lauric acid inhibited the growth of the genus Mycobacterium by interfering with the enzyme systems (Carroll 1980) . The safety of lauric acid and its glycerides consumption even in comparatively large doses and over extended periods of time was indicated (Dabrowski et al. 1980 ).
Thermal Characteristic of Bioconverted Coconut Oil
Thermal characteristics of bioconverted coconut oils (AFP 1 -AFP 6 ) were compared with normal coconut oil (BFP) using Table 2 , the onset temperature of BFP appeared to be higher compared to all bioconverted coconut oils. This shift is possibly attributable to the significant modification which occurred during the alteration of native triglycerides (TGs). This mechanism permitted the propagation of new species of MCDG, MCMG, and MCFA in the reaction medium. The variation between onset and offset temperatures of treated samples could be associated to the diversification in the environmental conditions and the ratio of generated MCFA derivates. Results of the bioconverted coconut oils (AFP 1 to AFP 6 ) onset temperatures (Table 2) varied from 5.35°C to 11.46°C. The corresponding offset temperature varied from 10.76°C to 23.5°C for coconut oils AFP compared to BFP control, which was 27°C. In addition, enthalpies for oils AFP decreased dramatically compared to control BFP with value of 99.01 J/g (Table 2 ). Moreover, the melting curves (Fig. 2) showed shifting in the peak temperature of samples after fermentation process (AFP) as compared to the control. The peaks for the modified coconut oils shifted to the left indicating lower onset and offset temperatures and less enthalpy compared to the control. This was probably associated to the generation of novel species of MCDG, MCMG and MCFA, resulting from the fermentation processes (Fig. 2) . All the generated fermented products having low melting temperatures such as MCDG, and MCMG can be utilized in many lipid-based systems. These bioconverted oils can be incorporated, suspended or dispersed to form different liquid emulsions either as oil-in-water (o/w) emulsion such as mayonnaise and ice cream or water-in-oil (w/o) emulsion such as margarine and butter.
The DSC crystallization profiles (Fig. 3 ) exhibited high rate of crystallization with a significant retardation in the onset temperature, meaning that the fermented samples started to solidify faster compared to the control. This behavior was attributed to the fact that the MCMG, MCDG and MCFA initiated during the fermentation process released less amounts of enthalpy. Therefore, their crystallization mechanism occurred rapidly compared to the control. The physical perturbation resulted during crystallization was possibly associated to the different solid fat materials having variable melting points, sizes and types of polymorph formed (Saadi et al. 2011) . The resulting products showed to exhibit low rate of crystallization, less enthalpy and less stable crystals compared to the oil BFP. On the other hand, fermented samples helped to bring the less regimented system together to form uniform crystal with lower melting temperature. The less heat is important for the samples in order to maintain the system melt, causing it to become with less stable polymorph form (beta-prime crystals), thus an excellent amelioration in the physical features can be obtained (Schaffter 2006) . It was concluded that G. candidum ATCC 34614 lipolytic activity during fermentation process depressed the rate of crystallization by shifting the transition temperature and reduction in the 
Aroma Characteristic of the Coconut Solid Culture
The aroma characteristic of G. candidum ATCC 34614 solid culture was analyzed at the middle stage of ripening (10 days after incubation). A total of 37 compounds extracted using the HS-SPME method were identified by GC-MS, of which five compounds were reported as the key volatile compounds generated by G. candidum ATCC 34614 SSF of coconut flavor based on their high concentrations (Fig. 4) . The present study indicated that ester compounds were the most abundant volatile compounds in fermented coconut flavor (Fig. 4) . This observation was in agreement with previous studies (Augusto et al. 2000; Pino et al. 2001; Cheong et al. 2011) . The major esters ethyl acetate; butanoic acid methyl ester; butanoic acid 3-methyl-, ethyl ester; propanoic acid, 2-methyl-propyl ester;
and hexanoic acid, ethyl ester were the five principal compounds of fermented coconut flavor. These compounds contributed to the exotic fruity and floral aroma of G. candidum ATCC 34614 solid culture of coconut. As reported (Ayad et al. 2000) , esters minimize the sharpness of fatty acids and the bitterness of amines due to the function of lipases and proteases. An increased ester formation might be attributed to the parallel increase of the short-and medium-chain fatty acid concentrations resulting from the direct hydrolysis of fats by G. candidum ATCC 34614 lipase (Dahl et al. 2000) . Short and medium chain fatty acids primarily play a major role in the flavor owing to their relatively low perception thresholds compared to long-chain and they would be esterified by G. candidum ATCC 34614 lipase (Sablé and Cottenceau 1999) . Consequently, the lipolytic activity of G. candidum ATCC 34614 in coconut solid culture played an important role in aroma and flavor enhancement. Flavour is defined as the combination of taste and aroma (Randazzo et al. 2008) , which is one quality component of particular importance for fermented products (José Delgado et al. 2011) . 
Conclusions
This research indicated a highly cost-effective in situ method for bioconversion of coconut oil to a combination of MCTG, MCDG, MCMG and MCFA with improved aroma, flavor, thermal behavior and ABA, without the need for any subsequent enzyme and/or product purification steps. The successful contribution of G. candidum ATCC 34614 turned coconut base SSF culture into a strong fruity and flora aromatic product, which could spur interests from the food and feed industries. This function also altered the bioconverted coconut oil thermal characteristic towards lower melting and higher crystallization temperatures, which made it suitable for different applications in different food industries. Moreover, the bioconverted coconut oil revealed the ABA development in this work, which holds great potential of becoming an innate, safe and effective therapeutic food. All of the above-mentioned characteristic improvements are attributed to the strong and long-lasting lipolytic activity of G. candidum ATCC 34614 in coconut base SSF. 
